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Abstract 
Molecular gene-by-environment studies primarily have focuses on the parent-child relationship as an 
environmental factor, whereas studies including peer relationships as environmental factor are rare. However, 
the effects of the peer context may not be the same for all adolescents due to biological characteristics. This 
study examined whether the effects of peer rejection and acceptance on externalizing behavior depend upon 
adolescents’ genotype for the dopamine transporter (DAT1) or receptor D4 (DRD4) gene. In a sample of 563 
adolescents (52% girls; M age = 13.81), saliva samples, within-classroom peer nominations, and multi-
informant behavior ratings were collected. Peer rejection, but not acceptance, was associated with externalizing 
problems. One out of eight models tested for rule-breaking behavior showed genetic moderation.  According to 
the Roisman criteria, there was evidence for the differential susceptibility hypothesis. DAT1 10R carriers 
showed more rule-breaking behavior according to parents when experiencing high peer rejection, but less rule-
breaking behavior when experiencing low peer rejection. The long DRD4 variant was associated with less 
aggression, but no moderation effects were found. The results are discussed in light of the differential 
susceptibility hypothesis and the reward sensitivity mechanism.  
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Introduction 
High prevalence of externalizing problem behavior in adolescence, such as delinquency and 
aggression, is an important concern in most western societies (e.g., Reitz, Deković, & Meijer, 2005). 
Externalizing behaviors have both immediate and long-term adverse consequences for the individual, the 
immediate environment such as family and friends, and wider society, as these problems can lead to addiction, 
impaired family relationships, decreased educational and occupational attainment, and continuing criminal 
activity (Huesmann, Dubow, & Boxer, 2009; Reef, Diamantopoulou, van Meurs, Verhulst, & van der Ende, 
2011). For decades, scholars have examined the biological and social antecedents of externalizing behaviors, but 
the interplay between both kinds of factors has gained much interest in the past 20 years (Bronfenbrenner & 
Morris, 2006; Rutter, 2006). Research on molecular gene-environment interactions (GxE) examines whether 
individuals’ behavior in response to certain environmental influences can be predicted by specific genetic 
variants. So far, most GxE research has focused on the parent-child relationship as either a supportive or a 
detrimental environment (e.g., Bakermans-Kranenburg & van IJzendoorn, 2011; Beach, Brody, Lei, & Philibert, 
2010). However, in order to gain a better understanding of GxE processes, it is necessary to expand the focus to 
other environmental contexts, such as peer interactions. Adolescents spend an increasing amount of time with 
peers. These peer interactions play an essential role in adolescents’ identity formation and have important 
rewarding value (Waas, 2006). However, activities with peers may also create risks, as they are less closely 
monitored by adults than in childhood (Parker, Rubin, Erath, Wojslawowicz, & Buskirk, 2006). Adolescents 
experiencing a negative peer environment are at greater risk for adverse developmental outcomes, whereas 
positive peer relations seem to stimulate adequate development and buffer against problematic behavior (Rubin, 
Bukowski, & Parker, 2006).  
However, effects of the peer environment may not be the same for all adolescents. Biological 
characteristics could determine the degree to which a person is influenced by the environment. Evidence 
suggests that children and adolescents with inadequate self-regulation or heightened reward sensitivity are more 
susceptible to negative peer influences (Gardner, Dishion, & Connell, 2008; Goodnight, Bates, Newman, 
Dodge, & Pettit, 2006). Genes regulating dopamine neurotransmission have been associated repeatedly with 
excessive reward sensitivity and externalizing problems (e.g., Blum et al., 2011; Dreher, Kohn, Kolachana, 
Weinberger, & Berman, 2009). Two of the most well-known dopaminergic polymorphisms are the dopamine 
transporter (DAT1) and dopamine receptor D4 (DRD4) variable number tandem repeats (VNTRs). In the 
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present study, we examined whether these polymorphisms moderate the effects of peer rejection and acceptance 
by classmates on adolescent externalizing problem behavior.  
Peer Relationships and Externalizing Behavior  
Relationships with peers provide a powerful context to observe and acquire social skills involving 
communication, cooperation, and emotion regulation (Waas, 2006). An important aspect of peer experiences is 
the degree to which one is liked or accepted versus disliked or rejected by the peer group. Peer acceptance 
determines the accessibility of peer learning opportunities and is an important source for feelings of self-esteem 
and belongingness (Baumeister & Leary, 1995). Especially during adolescence, when identity is developing and 
peers become important socializing agents, being accepted by peers is a highly aspired psychosocial goal. In 
contrast, the experience of being rejected by peers is a salient source of psychosocial stress for adolescents 
(Masten et al., 2009). Acceptance and rejection are independent dimensions of peer status, typically showing 
negative and moderate correlations (e.g., r = -.30 for girls and r = -.42 for boys) (Sentse, Lindenberg, Omvlee, 
Ormel, & Veenstra, 2010). These constructs are often combined in a social preference score (i.e., the difference 
between the number of positive and negative nominations) or five social status categories (i.e., popular, rejected, 
neglected, controversial, and average) (Gifford-Smith & Brownell, 2003). In the present study, we chose to 
examine acceptance and rejection separately in order to differentiate between positive and negative peer 
influences and to take advantage of the continuity of our data.  
Multiple studies have indicated that peer acceptance and peer rejection independently predict problem 
behavior (e.g., Dishion, Nelson, & Yasui, 2005; Veronneau & Dishion, 2010). Although problem behavior itself 
can contribute to peer rejection (Gifford-Smith & Brownell, 2003), experiences of being disliked or rejected by 
peers have been shown to increase risk for negative developmental outcomes such as low academic performance 
(e.g., Gorman, Schwartz, Nakamoto, & Mayeux, 2011), physical health problems (e.g., Brendgen & Vitaro, 
2008), internalizing problems like loneliness and depression (e.g., Kiesner, 2002; Vanhalst, Luyckx, & 
Goossens, 2014), and externalizing problem behavior (e.g., Gorman et al., 2011; Laird, Jordan, Dodge, Pettit, & 
Bates, 2001). These problems may arise from the lack of positive learning opportunities due to the 
inaccessibility of well-adjusted peers and the tendency to become friends with other less adjusted peers who 
may model deviant behaviors (Light & Dishion, 2007). Experiences of being liked or accepted by peers, on the 
other hand, have been associated with more prosocial behavior, high academic competence, and low levels of 
loneliness (e.g., Gorman et al., 2011). Further, being accepted by peers seems to be a protective factor in relation 
to externalizing or internalizing problems (e.g., Grills-Taquechel, Norton, & Ollendick, 2010; Sentse et al., 
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2010). In contrast, some studies have found that being accepted by peers can also enhance problem behavior 
(e.g., Allen, Porter, McFarland, Marsh, & McElhaney, 2005; Veronneau & Dishion, 2010). These studies 
suggest that adolescents experiencing high levels of peer acceptance may be more encouraged by peers to 
experiment with minor rule-breaking behavior. 
DAT1 and DRD4 Genes and Externalizing Behavior 
Dopamine functionality in the human brain is regulated by genes such as DAT1 and DRD4, which 
contain well-known variable number tandem repeat (VNTR) polymorphisms. A VNTR is a location in the 
genome where a short sequence of basic units is repeated several times (Haddley et al., 2008). The number of 
repeats, which differs among individuals, influences the expression of the gene and therefore dopamine 
functionality. The 40 base pair (bp) VNTR in the DAT1 gene is most commonly repeated 10 or 9 times (10R or 
9R) (Mitchell et al., 2000). It remains unclear which variant promotes the most adequate gene expression levels 
(see Haddley et al., 2008, for a review). Nevertheless, researchers have found a direct association with 
externalizing behavior. Young and colleagues (2002) showed more externalizing problems in children with the 
9R allele, whereas later studies on adolescent and adult samples suggest the 10R allele as a risk factor for 
problem behavior (e.g., Blum et al., 2011; Burt & Mikolajewski, 2008; Guo, Roettger, & Shih, 2007; Lee et al., 
2007).  
The most common variants of the 48 bp VNTR in the DRD4 gene are the 2-repeat, 4-repeat, and 7-
repeat alleles (Chang, Kidd, Livak, Pakstis, & Kidd, 1996). Shorter variants have been found to code for a more 
efficient gene compared to longer 7R alleles (Ebstein, 2006). Longer DRD4 genotypes have been associated 
with more aggression in children (Farbiash, Berger, Atzaba-Poria, & Auerbach, 2014; Schmidt, Fox, Rubin, Hu, 
& Hamer, 2002), more externalizing behavior and less delinquency abstention in adolescents (Boutwell & 
Beaver, 2008; Hohmann et al., 2009), and higher delinquency, short temper, and thrill seeking in adult males 
(Dmitrieva, Chen, Greenberger, Ogunseitan, & Ding, 2011). However, a recent meta-analysis by Vassos, 
Collier, and Fazel (2014) on aggression and related traits found no support for an association with DRD4. 
Most evidence seems to suggest a higher prevalence of externalizing problems in DAT1 10R carriers 
and DRD4 7R carriers, but current findings are mixed. Reviews and meta-analyses have pointed to the high 
heterogeneity between studies (e.g., measurement, population), a lack of power, and publication bias (e.g., 
Ebstein, 2006; Padmanabhan & Luna, 2014; Vassos et al., 2014). Since the effects of single genetic 
polymorphisms on complex behaviors, such as externalizing problems, are known to be small, future research 
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should use larger sample sizes to increase power, use consistent conceptualization and reliable measurement of 
complex behaviors, and include gene-by-environment or gene-by-gene interactions (Vassos et al., 2014).  
Alternative Hypotheses on Gene-Environment Interactions 
Molecular gene-by-environment (GxE) research has known a spectacular increase during the past 20 
years. Different hypotheses have been formulated according to which genetic moderation of environmental 
effects can occur. The most well-known hypotheses are diathesis stress, vantage sensitivity, and differential 
susceptibility (Pluess & Belsky, 2013). Most early GxE research is in line with the classic dual-risk or diathesis-
stress hypothesis (see Figure 1a), which implies that the combination of genetic and environmental risk (i.e., 
dual risk) increases problem behavior. In the absence of environmental adversity, there will be no difference 
between individuals carrying the concerned genetic variants (further called carriers) and resilient non-carriers. A 
more recently formulated vantage sensitivity hypothesis (see Figure 1b) focuses on the ‘bright side’ of 
environmental susceptibility (Pluess & Belsky, 2013). Carriers are more sensitive than non-carriers exclusively 
to positive experiences and not to adverse experiences. Combining both hypotheses, the differential 
susceptibility hypothesis (see Figure 1c) suggests that carriers are not just vulnerable to adversity or sensitive to 
advantage, but more generally susceptible to all environmental influences (Bakermans-Kranenburg & van 
IJzendoorn, 2011; Belsky, 2005). In other words, this hypothesis encompasses both the “dark side” of 
susceptibility to negative experiences and the “bright side” of susceptibility to positive experiences (Bakermans-
Kranenburg & van IJzendoorn, 2011). Roisman et al. (2012) have criticized previously used methods to 
distinguish differential susceptibility from diathesis stress models and provided concrete solutions for evaluating 
GxE hypotheses. We will follow these suggestions when analyzing the data. 
Genetic Moderation of Peer Effects on Externalizing Behavior 
Despite the developmental impact of peers, peer relationships have often been neglected in GxE 
research (Brendgen, 2012). Most GxE studies on externalizing problems have been focusing on the home 
environment. For the DRD4 gene, these studies have supported differential susceptibility: individuals with the 
DRD4 long or 7R allele were more susceptible to both low and high quality parenting (e.g., Bakermans-
Kranenburg & van IJzendoorn, 2011; Beach et al., 2010). The DAT1 gene is less frequently studied with regard 
to externalizing problems, but studies on ADHD samples seem to suggest that 9R carriers are more susceptible 
to the quality of parental expressed emotion (Sonuga-Barke et al., 2009) and observed maternal parenting 
(Lahey et al., 2011), resulting in more or less conduct problems. Like parents, peers can serve as either a risk or 
protective factor in adolescent problem behavior (Sentse et al., 2010). To gain a deeper understanding of GxE 
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processes, we need to expand the focus to other environmental contexts besides the family, such as peer 
interactions.  
The few molecular genetic studies examining genetic moderation of peer effects by the DRD4 or 
DAT1 genes show mixed results. In line with the diathesis stress hypothesis, peers’ drinking behavior had 
stronger effects on alcohol use among adults carrying the DRD4 long or 7R allele, but not in adolescents (e.g., 
Larsen et al., 2010; Mrug & Windle, 2014). Another study on the effect of substance-using peers found evidence 
for differential susceptibility (Watts & McNulty, 2015). Adolescents carrying two DAT1 10R alleles, compared 
to non-carriers, were more likely to engage in criminal behavior when affiliating with substance-using peers, but 
less likely when affiliations with such peers were minimal or absent. Contrary to expectations, adolescents with 
the DRD4 4R allele, not the 7R allele, were more susceptible to the effects of peer victimization and social well-
being, resulting in more or less delinquent behavior (Kretschmer, Dijkstra, Ormel, Verhulst, & Veenstra, 2013). 
Further, two studies on affiliation with deviant peers found a suppressing effect indicating that the influence of 
genes is reduced by the presence of a specific environmental condition. The DRD4 long allele and the DAT1 
10R allele had no effect for, respectively, preschoolers and adolescents interacting with highly aggressive or 
delinquent peers (DiLalla, Elam, & Smolen, 2009; Vaughn, Delisi, Beaver, & Wright, 2009). The effect was 
only present in a low aggressive or delinquent peer environment. We intend to expand on these findings by 
examining the moderating role of DAT1 and DRD4 on the effect of peer acceptance and rejection on 
externalizing problems. So far, only one molecular GxE study has examined this association; the focus was on 
moderation by the serotonin transporter polymorphism (5-HTTLPR). Peer rejection predicted antisocial 
behavior more strongly for adolescents carrying the susceptible short-short allele, suggesting evidence for 
diathesis stress (Kretschmer, Sentse, Dijkstra, & Veenstra, 2014). No effects were found for peer acceptance. 
The Present Study 
In the present study, we examined the effects of rejection and acceptance by classmates on adolescent 
externalizing problem behavior and moderation of these effects by adolescents’ genotype for the DAT1 or 
DRD4 gene. With regard to main effects, we expected higher levels of externalizing problem behavior in 
adolescents experiencing high peer rejection or low acceptance and in adolescents carrying the DAT1 10-repeat 
allele or the DRD4 long variant (i.e., 7-repeat or longer). With regard to interaction effects, we hypothesized 
that the effects of peers would be stronger for adolescents carrying the DAT1 10-repeat allele or the DRD4 long 
variant (i.e., 7-repeat or longer). In line with recent GxE studies (e.g., Bakermans-Kranenburg & van 
IJzendoorn, 2011; Watts & McNulty, 2015) and the concept of environmental sensitivity (Pluess, 2015), we 
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expected to find support for the differential susceptibility hypothesis (see Figure 1c). In that case, adolescents 
carrying the DAT1 10R or the DRD4 long variant show more externalizing behavior than non-carriers when 
experiencing high peer rejection or low acceptance, but less externalizing behavior in case of low rejection and 
high acceptance. However, because few studies have examined different types of genetic moderation 
simultaneously, we also evaluated diathesis-stress and vantage sensitivity models using the criteria of Roisman 
et al. (2012). A diathesis-stress hypothesis (see Figure 1a) is supported when carrying the DAT1 10R or the 
DRD4 long variant makes adolescents more vulnerable than non-carriers to developing externalizing problems 
when experiencing high levels of peer rejection or low levels of peer acceptance. In case of low rejection or high 
acceptance, we expected no difference. A vantage sensitivity hypothesis (see Figure 1b) is supported when 
carriers are more sensitive than non-carriers to the benefits of low levels of peer rejection or high levels of peer 
acceptance, but not to the negative effects of adverse peer relationships (i.e., high rejection or low acceptance).  
 In the present study, we examined Achenbach’s broad-band Externalizing Problems scale along with 
its two syndrome scales of Aggressive and Rule-Breaking Behavior (Achenbach, 1991a, 1991b) for two reasons. 
First, researchers have argued for disaggregating subtypes of externalizing behavior, given their unique 
underlying factors and developmental courses (Timmermans, van Lier, & Koot, 2009). Second, twin studies 
have found evidence for a latent externalizing factor with a common genetic liability, but phenotypes within the 
spectrum were also determined by unique genetic and environmental influences (e.g., Dick, Viken, Kaprio, 
Pulkkinen, & Rose, 2005; Krueger et al., 2002). Besides subtypes of externalizing problems, we also 
distinguished among informants of these behaviors. Adolescent and parent ratings of problem behavior typically 
show low to moderate correlations (Achenbach, McConaughy, & Howell, 1987; Van Roy, Groholt, Heyerdahl, 
& Clench-Aas, 2010). Children and adolescents seem to report more symptoms than their parents, whereas 
parents seem to use a higher threshold for describing behavior as problematic and show more consistency in 
their evaluation (Sourander, Helstela, & Helenius, 1999; Van Roy et al., 2010). Based on the assumption that 
both informants can provide valid judgments (De Los Reyes, 2011), we explore whether associations between 
variables can be replicated across informants.  
Method 
Participants and Procedure 
Participants in the STRATEGIES project (i.e., Studying Transactions in Adolescence: Testing Genes in 
Interaction With Environments) were recruited from nine secondary schools in Flanders, the Dutch-speaking 
part of Belgium. The total sample consisted of 1,116 adolescents from 121 classes in Grades 7 to 9. The present 
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study used a subsample based on three inclusion criteria. First, we included only classes in which more than 
60% of classmates participated in the study (N = 628) taking into account the suggestion of Marks, Babcock, 
Cillessen, and Crick (2013) for establishing reliable sociometric data. Second, from the 40 sibling pairs in our 
sample, we randomly selected one sibling to control for shared genetic background (N = 588). Third, only 
adolescents of European descent (i.e., all grandparents born in Europe) were included to account for population 
stratification (N = 563). In our final sample of 563 adolescents, the mean age was 13.81 years (SD = .91) and 
52% were girls. Mothers’ highest level of education, as a measure of socio-economic status, was representative 
for the general Flemish population of females between 25 and 64 years old (Research Department of the 
Flemish Government, 2011); with 32% high school graduates, 47% bachelor’s degrees, 15% master’s degrees, 
and 6% other levels. Adolescent data (i.e., questionnaires and saliva samples) were collected during school 
visits. To ensure that participants had spent enough time with their classmates to form peer relationships, 
assessment took place in the second semester (between February and June 2012). Within each school, all 
adolescents independently filled out the questionnaire at the same time. Unfinished questionnaires and parent 
questionnaires were completed at home. Parents and adolescents signed an active informed consent form and 
permission for the study was obtained from the Institutional Review Board of the Faculty of Medicine at the 
University of Leuven. 
Measures 
Peer relationships. Peer acceptance and rejection were assessed by two items, “Who do you most like 
to be with?” (liking) and “Who do you least like to be with?” (disliking), using a within-classroom peer 
nomination procedure. Adolescents were given an alphabetical list of all classroom peers in which each peer had 
a unique number to facilitate nomination. Nominators were allowed to write down an unlimited number of peers 
for each of the two items. Self-nominations were not included. This method is a well-known and reliable 
procedure extensively used in previous research (Bukowski, Sippola, Hoza, & Newcomb, 2000). The average 
number of nominations received for like was 2.36 (SD = 1.85; min: 0, max: 10) and for dislike 1.05 (SD = 1.94, 
min: 0, max: 17). Using SocStat software (Thissen-Pennings & Bendermacher, 2002), nominations were 
summed for each individual adolescent and afterwards standardized (with M = 0 and SD =  1) within classrooms 
to control for variability in classroom size. A high peer acceptance score indicates that the adolescent is 
frequently nominated by classmates as liked most, whereas a high peer rejection score indicates frequent 
nominations as liked least. 
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Adolescent problem behavior. Adolescents and parents (i.e., mother and father were asked to fill out 
one CBCL questionnaire together) provided ratings on externalizing problem behavior by filling out the Youth 
Self Report (YSR; Achenbach, 1991b) and the Child Behavior Checklist (CBCL; Achenbach, 1991a), 
respectively. The broad-band Externalizing Problems scales (YSR: 31 items, α = .82; CBCL: 35 items, α = .88) 
each can be further divided into two narrow-band subscales: Aggressive Behavior (YSR: 17 items, α = .78; 
CBCL: 18, α = .85) and Rule-Breaking Behavior (YSR: 14 items, α = .58; CBCL: 17 items, α = .71). An 
example item for Aggressive Behavior is: “I/my child get/gets in many fights”, and for Rule-Breaking Behavior 
is: “I/my child break/breaks rules at home, school or elsewhere”. All items were answered on a 3-point rating 
scale from 0 = not true, 1 = somewhat or sometimes true, to 2 = very true or often true. Mean scale scores were 
computed, with higher scores indicating the presence of more externalizing problem behaviors.  
Genotyping. Adolescents were genotyped using Oragene DNA kits for saliva sampling (DNA 
Genotek; Ontario, Canada). The present study examines the 40-bp VNTR in the DAT1 gene (forward primer: 
5’-VIC-TGCGGTGTAGGGAACGGCCTGAG-3’; reverse primer: 5’-CTTCCTGGAGGTCACGGCTCAAGG-
3’) and the 48-bp VNTR in the DRD4 gene (forward primer: 5’-NED-GCGACTACGTGGTCTACTCG-3’; 
reverse primer: 5’-AGGACCCTCATGGCCTTG-3’). These polymorphisms were genotyped by polymerase 
chain reaction (PCR) followed by a fragment analysis protocol. The PCR amplification mixture included 50 ng 
genomic DNA, 12.5 µl Master Mix (Promega), 0.5 µmol/l of each forward and reverse primer, 1M Betaine 
solution (Sigma-Aldrich), and 1.5 µl water. The cycling conditions for the PCR started with 5 min at 95°C, 
followed by 35 cycles of 30 sec at 95°C, 30 sec at 60°C, and 90 sec at 72°C, afterwards followed by 7 min at 
72°C. After finishing PCR, the DNA mixture was cooled down to 4°C. Fragment analysis was performed with a 
mix contained 0.5 µl of the PCR product, 0.5 µl GeneScan 600 LIZ Size Standard V2.0 (Applied Biosystems) 
and 10 µl Hi-Di formamide. After a final denaturation step at 95°C for 3 min, analysis followed on an ABI 
3730xl Genetic Analyzer (Applied Biosystems). GeneMarker software Version 1.91 (SoftGenetics, 2010) was 
used to print out the results. 
Genetic information was available for 96% of our sample (2% absence during genotyping and 2% 
technical failure). Genotypes were dummy coded based on existing neurobiological and behavioral genetic 
research. For the DAT1 gene, 10R carriers (i.e., at least one 10R, n = 90%) were distinguished from non-10R 
carriers (i.e. both 9R, n = 10%). Adolescents with alternative genotypes were coded as missing (n = 14). For the 
DRD4 gene, long carriers (i.e. at least one 7R or longer, n = 34%) were distinguished from non-long carriers 
(i.e., both shorter than 7R, n = 66%) in line with previous research (e.g., Dreber et al., 2009; Propper, 
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Willoughby, Halpern, Carbone, & Cox, 2007). Both VNTRs were in Hardy-Weinberg equilibrium (p > .98), 
indicating that allele and genotype frequencies of our sample were similar to what would be expected in the 
population. Other studies with comparable samples reported similar distributions (e.g., Guo et al., 2007; Mrug & 
Windle, 2014).  
Analytic Strategy 
Hierarchical regression analyses were used to examine main and interaction effects of genes (i.e., 
DAT1 and DRD4) and peer relationships (i.e., acceptance and rejection) on adolescent problem behavior (i.e., 
Externalizing Problems, Rule-Breaking Behavior, and Aggressive Behavior). Model 1 included control 
variables and main effects of gene and peer relationships, after which the interaction term was added in a second 
step (Model 2). Control variables included adolescent’s sex and age, and mother’s highest degree of education. 
Evidence suggests that externalizing problems are more prevalent in boys (e.g., Bongers, Koot, van der Ende, & 
Verhulst, 2004) and low SES families (e.g., Martin et al., 2010), whereas different trajectories of externalizing 
problems may depend on developmental age (e.g., Bongers et al., 2004). We also controlled for gene-
environment correlation to account for the possible direct association between dopaminergic genes and peer 
experiences. The advisability of multilevel analyses was examined by estimating the size of design effects (due 
to the nesting of students in classes and schools) for the outcomes of Externalizing Problems, Aggressive 
Behavior, and Rule-Breaking Behavior. Design effects ranged from 1.00 to 1.88, which is less than the cut off of 
2.00 suggested by Muthen and Satorra (1995). Therefore, multilevel analysis was not required. Regression 
analyses were performed in Mplus Version 6.1 (Muthén & Muthén, 1998-2010). A combination of maximum 
likelihood (MLR) and full information maximum likelihood (FIML) estimation was used to account for, 
respectively, non-normality and missing data. 
Significant interaction effects were further evaluated according to four critical tests suggested by 
Roisman et al. (2012). First, in order to make sure that a significant interaction effect was not an artifact of 
enforcing a linear model onto a non-linear phenomenon, an additional model was tested including the non-linear 
predictor terms E² and GE². Second, a conservative Bonferroni adjusted alpha value of .006 (α/n = .05/8) was 
used to control for multiple testing of eight different models (i.e., two aspects of peer relationships, two genetic 
polymorphisms, and two informants for outcome behavior). Due to large correlations (i.e., r ranges from .65 to 
.96), subtypes of externalizing problems were not counted as independent models. Third, we calculated the 
Regions of Significance (RoS) to determine the range of the environmental variable (E) for which the 
association between the gene and the outcome variable was statistically significant. Fourth and finally, the 
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crossover point (C) was calculated along with its reliability interval and two indexes: the proportion of the 
interaction (PoI; Proportion of Interest) and the proportion of cases on E (PA; Proportion of Affected) situated 
on the left versus the right side of C. The two final tests determined which of the three GxE frameworks is 
applicable, as explained in Figure 1. RoS, PoI, and PA were calculated using the web application designed by 
Fraley (2012). 
Results 
Table 1 presents correlations among study variables. Adolescent and parent reports of problem 
behavior were only moderately correlated (r range from .39 to .42, p < .001), indicating different informant 
perspectives. Correlations between subtypes of problem behavior reported by the same informant were high (r 
range from .65 to .96, p < .001). More rejection was associated with more parent-reported problem behavior (r 
range from .13 to .16, p < .01), more adolescent-reported Aggressive Behavior (r = .09, p < .05), and lower peer 
acceptance (r = -.47, p < .001). DAT1 and DRD4 were uncorrelated with peer acceptance and rejection, 
indicating the absence of a direct link between genes and environment (rGE). Adolescent’s sex and age, 
mother’s highest degree of education, and gene-environment correlation were included as control variables in 
regression analyses. Boys reported more Externalizing Problems than girls (t (555) = 1.54, p < .05), especially 
Rule-Breaking Behavior (t (555) = 4.50, p < .001). Parents also reported more Externalizing Problems in boys (t 
(445) = 3.51, p < .001), both Aggressive (t (445) = 2.70, p < .01) and Rule-Breaking Behavior (t (445) = 4.31, p 
< .001). Compared to girls, boys had more DAT1 10R alleles (χ² (1) = 5.61, p < .05) and DRD4 long alleles (χ² 
(1) = 4.51, p < .05). Older adolescents reported more Externalizing Problems (r = .09, p < .05), more 
specifically Rule-Breaking Behavior (r = .15, p < .001). No significant differences were found for mothers’ 
highest degree of education. Table 2 presents the standardized coefficient estimates of hierarchical regression 
analyses for main effects (M1) and interaction effects (M2).   
Peer Acceptance 
Main effects of peer acceptance did not reach statistical significance at .05 in any of the models. 
However, we did find marginally significant effects in the expected direction on parent-reported Externalizing 
Problems (β = -.08, p < .10), and more specifically on Aggressive Behavior (β = -.08, p < .10). Contrary to our 
expectations, adolescents carrying the long variant of the DRD4 showed less parent-reported Externalizing 
Problems (β = -.10, p < .05) and more specifically less Aggressive Behavior (β = -.11, p < .05). No interaction 
effects were found.  
Peer Rejection 
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Peer rejection significantly and positively predicted parent-reported Externalizing Problems (β = .16, p 
< .01), both Aggressive (β = .16, p < .05) and Rule-Breaking Behavior (β = .13, p < .01). For adolescent ratings, 
only the positive effect on Aggressive Behavior reached statistical significance (β = .10, p < .05), whereas the 
effect on Externalizing Problems in general was marginally significant (β = .08, p < .10). Also in the peer 
rejection models, we found that long DRD4 carriers showed less parent-reported Externalizing (β = -.11, p < 
.05) and Aggressive Behavior (β = -.12, p < .01). When interaction terms were added, we found a significant 
interaction effect of the DAT1 gene and peer rejection on parent-reported Rule-Breaking Behavior (β = .25, p < 
.01).  
Further Study of the Significant Interaction Effect 
One out of eight models tested for Rule-Breaking Behavior showed a significant interaction effect, that 
is, between DAT1 and peer rejection on parent-reported Rule-Breaking Behavior. Further analyses showed that 
this interaction was not the result of the curvilinear nature of the relation (i.e., the non-linear terms E² and GE² 
were non-significant). The p-value of .008 of the interaction effect approximated closely the conservative 
Bonferroni adjusted alpha value of .006, therefore we considered further inspection of this effect valuable. 
When examining alternative GxE frameworks, we found support for differential susceptibility (presented in 
Figure 2). The boundaries of both positive and negative Regions of Significance (RoS(+) = 1.77; RoS(-) = -.98) 
fell within the range of the environmental variable (E: min = -1.39; max = 3.47), showing that the interaction 
effect was significant at both ends of E. The crossover point (C = .32) fell within the range of E and the 
proportion of the interaction was close to 50% on both the left (33%) and the right side of C (77%). When 
examining the raw data of our sample, we found that 22% of the values of E fell above C (PA = left: 78%; right: 
22%), which means that more adolescents were differentially affected by the interaction than the threshold of 
16% (Roisman et al., 2012). Compared to adolescents without the DAT1 10R allele, carriers showed more Rule-
Breaking Behavior according to parents when experiencing high peer rejection, but less Rule-Breaking Behavior 
when experiencing low peer rejection. 
Discussion 
The current study examined the interplay between dopaminergic genes (i.e., DAT1 and DRD4) and peer 
relationships (i.e., rejection and acceptance) on externalizing problem behavior in adolescents. Despite the 
importance of peer experiences for adolescent development, research exploring gene-by-peer interaction is rare 
(Brendgen, 2012). Based on previous research, we expected more externalizing problem behavior in adolescents 
experiencing peer rejection, and an association in the opposite direction with peer acceptance, but especially for 
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those carrying the DAT1 10-repeat allele or the DRD4 long variant (i.e., 7R or longer). Our findings support the 
hypothesized link between problem behavior and peer rejection, but not the link between problem behavior and 
peer acceptance. We also found a main effect of the DRD4 gene suggesting more aggression in non-long 
carriers, which is not in line with previous research (e.g., Hohmann et al., 2009; Schmidt et al., 2002). In 
addition, there was one significant interaction effect indicating that the association between problem behavior 
and peer rejection was moderated by the DAT1 gene. Further evaluation using the Roisman criteria provided 
evidence for the differential susceptibility hypothesis.  Adolescents carrying at least one 10R allele showed 
more rule-breaking behavior according to their parents, compared to non-carriers, when experiencing more 
rejection from their classmates. However, in the absence of rejection, parents of 10R carriers reported less rule-
breaking behavior than parents of non-carriers. In other words, the DAT1 10R allele makes adolescents more 
susceptible to an adverse environment with high peer rejection, but also to a more favorable environment with 
low peer rejection. 
Reward Sensitivity as an Underlying Mechanism 
Little is known about the mechanisms underlying gene-environment interactions on externalizing 
problem behavior, but an interesting line of reasoning involves reward sensitivity. Evidence suggests that the 
general increase in risk-taking behavior in adolescents and their heightened susceptibility to peer influences is 
due to a neurological imbalance of two brain systems (Steinberg, 2007). On the one hand, the cognitive control 
system is still developing during adolescence, resulting in a lack of self-control, whereas on the other hand, 
adolescents’ reward system is oversensitive due to an increase in dopamine activity in this developmental 
period. Heightened dopamine activity has been associated with higher novelty seeking (Padmanabhan & Luna, 
2014). Adolescents carrying genetic variants associated with increased dopamine functionality might be even 
more sensitive to rewarding stimuli in the environment and, therefore, processes of social reinforcement and 
observational learning. Rejected young people have less access to well-adjusted peers, causing them to associate 
with and learn from other deviant and rejected peers (Light & Dishion, 2007). Deviant friends respond 
positively to antisocial behavior, observe each other breaking the rules, and stimulate conversation about deviant 
activities. These processes are referred to as deviancy training and make externalizing behavior interesting and 
rewarding, which reinforces its presence (Dishion, Patterson, & Griesler, 1994). The rewarding effect of peer 
interactions might be especially relevant during adolescence, because young people spend increasing amounts of 
time with peers and value these interactions greatly. However, the opposite effect has also been suggested. 
Individuals with decreased dopaminergic activity have been found less reactive to simulation, which might lead 
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them to seek out more extreme thrills and place them at high risk for externalizing problems (Matthys, 
Vanderschuren, & Schutter, 2013). It is therefore plausible that both increases and decreases from the optimal 
dopamine level lead to impaired functioning (Robbins & Arnsten, 2009). What is considered as an optimal level 
depends upon the developmental stage and the specific situation. Similar to dopamine increases observed during 
stressful situations (Pani, Porcella, & Gessa, 2000), the general increase in dopamine activity during 
adolescence may be adaptive to cope with important developmental tasks, such as identity formation and 
changes in social relationships (Negriff & Susman, 2011).  
The interaction between DAT1 and peer rejection, in the present study, might be interpreted in light of 
the reward sensitivity mechanism. Multiple in vitro and in vivo studies have suggested higher gene expression 
levels in DAT1 10R carriers, although opposite findings have also been reported (see Haddley et al., 2008, for a 
review). Higher levels of gene expression would promote more DAT protein production, which results in more 
effective reuptake of dopamine and eventually in reduced dopamine transmission in the brain (Dreher et al., 
2009). If the 10R allele would be associated with higher gene expression and therefore reduced dopamine 
functionality, individuals carrying this variant might resolve insufficiently low dopamine levels by actively 
seeking thrills and risky situations. Due to the strong desire for stimulation and lack of self-regulation, these 
adolescents might be more sensitive to environmental influences, such as rejection by peers (Gardner et al., 
2008; Goodnight et al., 2006). It is important to realize that hypothesizing underlying mechanisms remains 
rather ambiguous, because evidence on the functional effects of the DAT1 VNTR is inconclusive. Research 
incorporating neurobiological processes while examining GxE interactions provides an important challenge for 
future research (Caspi & Moffitt, 2006).  
Differential Effects of Peer Acceptance and Rejection 
Similar to the findings of Kretschmer et al. (2014), we observed genetic moderation only for the effect 
of peer rejection and not peer acceptance. Because this result seems to suggest that genes influence problem 
behavior only in the presence of an adverse peer environment, Kretschmer and colleagues interpreted their 
findings as evidence for diathesis stress rather than differential susceptibility. However, the diathesis stress 
hypothesis indicates that in the absence of adversity there should be no differences in adjustment between 
vulnerable and resilient individuals (Pluess & Belsky, 2013). In our study, the absence of peer rejection 
predicted less rule-breaking behavior in susceptible compared to non-susceptible adolescents. Although the 
absence of peer rejection is not the same as the presence of peer acceptance, it can been seen as a more positive 
environment and therefore function according to the differential susceptibility principle. A similar point can be 
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made with regard to the outcome variable, because the absence of problem behavior is not the same as the 
presence of positive behavior. Failure to find an effect for peer acceptance, in the present study and the study by 
Kretschmer et al. (2014), might be due to the absence of a positive outcome variable, such as prosocial behavior 
or empathy.  
Main Effect of DRD4: From Risk to Susceptibility 
In contrast to the general consensus that the long DRD4 variant is associated with less adequate human 
behavior (Ebstein, 2006), our results provide evidence for a positive effect: Adolescents with at least one long 
DRD4 allele showed fewer externalizing problems, more specifically aggression, according to their parents. 
Research examining desistance from delinquency has pointed to a similar result: Individuals with one or more 
DRD4 long variants were more likely to abstain from delinquency (Beaver, Wright, DeLisi, & Vaughn, 2008). 
These findings may seem inconsistent because molecular genetic research strongly focusses on genetic risk. 
However, the results may rather indicate the susceptible character of this variant. Carrying a long DRD4 allele 
might not be universally favorable or adverse, as its effect depends upon the environment. In the present study, 
we were unable to identify a significant interaction between DRD4 and peer relationships, but the effect of 
DRD4 might depend on other environmental influences. For example, multiple studies examining parenting 
effects on externalizing problem behavior indicated differential susceptibility in individuals with the longer 
DRD4 variant.  Carrying the 7R or longer DRD4 variant made children and adolescents more sensitive to the 
adverse effects of unsupportive parental environments (e.g., insecure attachment, low-quality parenting) and to 
the beneficial effects of a more supportive environment (e.g., secure attachment, parenting intervention) (e.g., 
Bakermans-Kranenburg & van IJzendoorn, 2011; Beach et al., 2010).   
Distinguishing Informants and Subtypes of Externalizing Problem Behavior  
In order to grasp differential G-by-E interactions associated with externalizing behavior, we used two 
informants (i.e., adolescents versus parents) and explored two subtypes (i.e., aggressive and rule-breaking 
behavior). With regard to informants, all associations were present for parent ratings of problem behavior, but 
they were not replicated in adolescent ratings (except the association between peer rejection and aggression). 
Different perspectives among informants might provide an explanation. Research indicates that children and 
adolescents do not perceive all of these problems as problematic enough to impair their daily lives. Parents, on 
the other hand, seem to have a higher threshold for describing behavior as problematic and are more consistent 
in their evaluation (Van Roy et al., 2010). Therefore, parent ratings might better distinguish between minor 
problems and severe problematic situations. This might be especially true during adolescence, as parents are less 
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aware of minor violations because young people are sometimes reticent to discuss problems with their parents 
and spend an increasing amount of time outside the home environment (Sourander et al., 1999). 
With regard to subtypes of externalizing behavior, we observed a main effect of DRD4 specifically for 
aggressive behavior, whereas a significant interaction with DAT1 emerged specifically for rule-breaking 
behavior. These differential effects for externalizing subtypes are in line with earlier studies in behavioral 
genetics showing predominantly genetic influences on aggressive behavior, whereas non-aggressive rule-
breaking behavior was influenced by both genetic and environmental aspects (e.g., Burt, 2009; Eley, 
Lichtenstein, & Moffitt, 2003). This pattern of findings would suggest direct genetic effects on aggressive 
behavior, whereas the etiology of rule-breaking behavior is predicted more strongly by the interplay between 
genes and environment. Earlier evidence also suggests that the genetic overlap between the two subtypes of 
externalizing behavior is only moderate, which could indicate that different genes contribute to each subtype 
(Wang, Niv, Tuvblad, Raine, & Baker, 2013). A molecular genetic study by Burt and Mikolajewski (2008) 
examined this hypothesis and found a direct effect of DAT1 specifically for rule-breaking behavior. Although 
no main effect of DAT1 was present in our study, this genetic variant did contribute specifically to rule-breaking 
behavior in interaction with peer rejection, whereas the effect of DRD4 proved to be unique for aggressive 
behavior. So, our results indicate, in line with earlier work, that it is important to distinguish between behavioral 
subtypes in the study of their genetic, environmental, or joint underpinnings. 
Limitations and Directions for Future Research  
Although the present study has important strengths, such as multi-informant data, differentiating 
subtypes of externalizing behavior, and a comprehensive GxE analysis, the results should be interpreted in light 
of some limitations. First, because our analyses were performed on cross-sectional and non-experimental data, 
causal inferences cannot be made. We analyzed the effect of peer rejection on externalizing problems in line 
with several studies showing such effects (e.g., Gorman et al., 2011; Laird et al., 2001). There are other studies 
indicating a bidirectional relation (e.g., Gifford-Smith & Brownell, 2003) or mediation through friendship 
selection and deviancy training (e.g., Light & Dishion, 2007). In the present study, it was not our intention to 
disentangle these complex processes, rather to show the joint effects of genes and environment in a similar way 
as previous GxE studies on parenting behavior, a construct that is also bidirectional in nature. Longitudinal 
research might provide more insight in the underlying mechanisms. 
Second, it is important to realize that the present study includes only a selection of many interesting 
variables. Future research should also incorporate other aspects of peer experiences, such as perceived 
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popularity, friendships, peer networks, and victimization, which have been conceptualized as distinct but 
partially overlapping (Gifford-Smith & Brownell, 2003). In addition, we should also be attentive to peer 
relationships in contexts other than the classroom, for example at school level, in the neighborhood, and during 
leisure activities. Further, including prosocial behavior, which is not the same as the absence of problem 
behavior, could yield more significant associations with the positive environmental factor of peer acceptance, 
thereby generating a more comprehensive approach for testing the differential susceptibility hypothesis. Finally, 
although we see a candidate gene study as a first valuable step towards understanding GxE effects, studying 
more complex networks of genes may be advantageous, for example by adopting a genetic pathway approach 
(Matthys et al., 2013; Steinberg, 2007).  
Third, power-analyses conducted with Quanto software (Gauderman & Morrison, 2006) confirmed that 
our sample of 563 adolescents was sufficiently large to detect a small GxE effect (R2 = .02 to .03) with 80% 
power. Nevertheless, the significant interaction effect for rule-breaking behavior was only one out of eight 
models tested. We ruled out the possibility of a false positive result, because the p-value of the interaction effect 
(p = .008) approximated closely the conservative Bonferroni adjusted alpha value of .006. Future studies with 
even larger samples and similar variables are needed to replicate our results. 
Fourth, out of the total STRATEGIES sample of 1116 adolescents, a subsample of 563 was selected 
based on three inclusion criteria: a class participation rate of 60% or higher, no siblings in the sample (in each 
sibling pair one member was randomly selected), and European descent. These criteria were necessary to 
generate more reliable peer nomination data, to control for shared genetic background among siblings, and to 
account for population stratification (i.e., differences in genetic make-up among ancestry groups). 
Unfortunately, applying these criteria resulted in a loss of data (i.e., excluded adolescents showed significantly 
more problem behavior and had lower educated mothers) and limited generalizability of our findings due to the 
lack of diversity (i.e., only European descent). Further, other unknown factors may have influenced the attrition 
between classes or the validity of our measures such as events that occurred prior to data collection (e.g., 
bullying seminar). 
Conclusion 
The present study was one of the first to investigate gene-environment interactions involving peer 
relationships on externalizing problem behavior in adolescence. We presented evidence for the notion that peer 
rejection is related to more externalizing behavior (i.e., a main effect of the peer environment), but we were 
unable to confirm our hypothesis for peer acceptance. Future research should include more positive outcome 
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variables, such as empathy and prosocial behavior, which might be more related to positive peer experiences. A 
genetic main effect was found for DRD4, but not in the expected direction. Parents of adolescents without the 
long DRD4 variant reported more aggressive behavior than parents of long-carriers. This finding might indicate 
the susceptible character of the DRD4 polymorphism: carrying a long DRD4 allele might be favorable or 
adverse depending upon environmental influences. When we included GxE interaction in our models, we found 
one significant moderation effect for rule-breaking behavior out of eight models tested. Further evaluation by 
Roisman criteria supported evidence for differential susceptibility. When being rejected by classmates, 
adolescents carrying the DAT1 10R allele showed more rule-breaking behavior according to parents compared 
to non-carriers. However, in the absence of rejection, parents of 10R carriers reported less rule-breaking 
behavior. Finding an effect specifically for parent reported rule-breaking behavior emphasizes the importance of 
distinguishing between subtypes and informants of externalizing problems. We also explored the possible 
underlying mechanism of reward sensitivity. Through differences in dopamine functionality, which influences 
individuals’ reward system and sensation seeking behavior, the DAT1 polymorphism might underlie differences 
in sensitivity to environmental clues. Longitudinal research using large samples is needed to replicate our 
findings and to further explore other aspects of peer experiences, positive outcome behaviors, and more complex 
gene networks.  
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Fig. 1 Schematic representation of Roisman criteria to evaluate GxE hypotheses. Diathesis stress (model A) is supported if only a negative Region of Significance (RoS(-)) is found and the 
crossover point (C) is situated at the positive side of the environmental variable (E). This indicates that the association between gene and outcome is statistically significant only for a negative 
E. Further, two indexes are calculated on each side of C: the proportion of the interaction between the regression lines (PoI; Proportion of Interest) and the proportion of cases on E (PA; 
Proportion of Affected). Whereas PoI is dependent upon how ranges of E are defined, PA provides a more pragmatic way for evaluation based on the raw data. In case of diathesis stress, both 
indexes are close to 0% at the positive side of C. When these criteria show an opposite pattern, they provide evidence for vantage sensitivity (model B). Finally, differential susceptibility 
(model C) is supported when boundaries of both positive and negative RoS as well as C fall within the range of E, indicating a significant association between gene and outcome at both ends 
of E. PoI and PA are closer to 50% on both sides of C. In order to speak of differential susceptibility, Roisman et al. (2012) suggest a threshold for PA of 16% above C 
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Fig. 2 Interaction between DAT1 and peer rejection associated with parent-reported Rule-Breaking Behavior. Adolescents with DAT1 10R allele (black line) showed less Rule-Breaking 
Bhavior according to parents when experiencing low peer rejection, but more Rule-Breaking Behavior when experiencing high peer rejection, compared to non-carriers (grey line). The 
differential susceptibility hypothesis was supported by the critical tests of Roisman and colleagues (2012). The hatched Regions of Significance (RoS) show that the two regression lines 
significantly differ on both sides of the interaction. The cross-over point (C = .32) fell within the range observed for peer rejection (min = -1.39; max = 3.47). The Proportion of Interest (PoI), 
presented by the grey area between the regression lines, approximates 50% on both sides of C. The Proportion of Affected (PA) is calculated on the sample frequency of peer rejection (right y-
axis) and shows that 22% of our sample experiences higher peer rejection than the cross-over value of .32 
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Table 1 Correlations among study variables 
Variables 1)  2)  3)  4)  5)  6)  7)  8)  9)  10)  
1) Externalizing – adolescent reported                                     
    
2) Externalizing – parent reported .43 ***                                 
    
3) Aggressive – adolescent reported .95 *** .42 ***                             
    
4) Aggressive – parent reported .38 *** .96 *** .39 ***                         
    
5) Rule-Breaking – adolescent reported .87 *** .36 *** .67 *** .29 ***                     
    
6) Rule-Breaking – parent reported .43 *** .83 *** .38 *** .65 *** .42 ***                 
    
7) Peer acceptance -.03   -.09 † -.04   -.09 † .00   -.08 †             
    
8) Peer rejection .07 † .16 *** .09 * .16 *** .03   .13 ** -.47 ***         
    
9) DAT1 -.04   -.03   -.04   -.03   -.02   -.02   -.04   .04       
    
10) DRD4 -.03   -.08   -.04   -.09 † -.02   -.04   -.05   .06   .00   
   
Mean .26   .11   .29   .16   .22   .06   2.36   1.05   /   /   
SD .18   .14   .22   .20   .17   .10   1.85   1.94   /   /   
The table presents correlations among study variables including problem behavior (i.e., Externalizing, Aggressive, and Rule-Breaking Behavior, reported by 
adolescent or parent), peer relationships (i.e., peer acceptance and rejection), and dopaminergic VNTRs (dopamine transporter gene DAT1 and dopamine 
receptor D4 gene DRD4).  
†
 p < .10; * p < .05; ** p < .01; *** p < .001 
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Table 2 Externalizing problem behavior regressed on DAT1 and DRD4 in interaction with peer acceptance and rejection (N = 563) 
   Acceptance 
   DAT1  DRD4 
Outcome Informant Model R2 E G GxE  R2 E G GxE 
Externalizing Problems Adolescent M1 .02 † -.02  -.05     .02 † -.02  -.05    
  M2 .03 † .15  -.04  -.18   .02 † .00  -.05  -.04  
 Parents M1 .04 * -.08 † -.05     .05 ** -.08 † -.10 *   
  M2 .04 * -.10  -.05  .02   .05 ** -.04  -.10 * -.06  
Aggressive Behavior Adolescent M1 .01  -.04  -.05     .01  -.04  -.05    
  M2 .01  .18  -.04  -.23   .01  .00  -.05  -.07  
 Parents M1 .03 † -.08 † -.05     .04 * -.08 † -.11 *   
  M2 .03 † -.11  -.05  .03   .04 * -.04  -.10 * -.06  
Rule-Breaking Behavior Adolescent M1 .06 ** .01  -.04     .06 ** .01  -.04    
  M2 .06 ** .08  -.03  -.07   .06 ** .00  -.04  .03  
 Parents M1 .05 ** -.06  -.04     .05 ** -.06  -.06    
  M2 .05 ** -.05   -.04   -.01    .05 ** -.03   -.06   -.05   
 
  
PEER-BY-DOPAMINERGIC GENES INTERACTIONS 
 
33 
 
Table 2 continued 
   Rejection 
   DAT1  DRD4 
Outcome Informant Model R2 E G GxE  R2 E G GxE 
Externalizing Problems Adolescent M1 .03 † .08 † -.05     .03 † .08 † -.05    
  M2 .03 † .05  -.05  .03   .03 * .05  -.05  .05  
 Parents M1 .06 * .16 ** -.05     .07 * .17 ** -.11 *   
  M2 .06 * .10  -.05  .07   .07 * .14  -.11 * .04  
Aggressive Behavior Adolescent M1 .01  .10 * -.05     .01  .10 * -.05    
  M2 .01  .06  -.05  .03   .02  .04  -.05  .09  
 Parents M1 .05 † .16 * -.05     .06 * .17 ** -.12 **   
  M2 .05 † .19  -.06  -.03   .06 * .15  -.12 ** .02  
Rule-Breaking Behavior Adolescent M1 .06 ** .04  -.04     .06 ** .04  -.04    
  M2 .06 ** .02  -.04  .02   .06 ** .05  -.04  -.02  
 Parents M1 .06 ** .13 ** -.05     .07 ** .14 ** -.07 †   
  M2 .07 ** -.11   -.03   .25 **  .07 ** .09   -.07   .06   
Regression analyses examining the effects of peer relationships (acceptance and rejection) and dopaminergic genes (DAT1 and DRD4) on Externalizing Problems, 
subdivided in Aggressive and Rule-Breaking Behavior. Outcomes were reported upon by adolescents and parents. Model 1 (M1) included control variables (i.e., 
adolescent’s sex and age, mother’s highest degree of education, and gene-environment correlation) and main effects of the environment (E) and the gene (G). In 
Model 2 (M2), interaction effects are added (GxE). Values are standardized regression estimates 
†
 p < .10; * p < .05; ** p < .01; *** p < .001 
 
 
